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Abstract
Diastasis recti abdominis (DRA) is a common occurrence in postpartum women, and it is unclear what types of nonsurgical 
interventions are most effective in preventing and/or reducing it. The aim of this review with meta-analysis was to investigate 
which conservative treatment approaches are the most effective for the management of postpartum DRA. After a thorough 
search of the PubMed and Scopus databases, we reviewed 14 articles. The literature suggests that abdominal exercise pro-
grams are generally effective in treating DRA at various postpartum periods. There is preliminary but promising evidence 
of the efficacy of electrical stimulation in combination with exercise. In addition, abdominal kinesiotaping can be used in 
conjunction with other interventions. Limitations of previous research include (a) the use of different measurement methods 
(palpation, calipers, ultrasound) and sites, (b) the evaluation of treatment effects in different time periods, and (c) the use 
of a wider range of exercise combinations. Although abdominal exercise is a cornerstone of DRA treatment, the optimal 
exercise combination is currently unknown due to these limitations.
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Introduction

During pregnancy, the two muscle bellies of the rectus 
abdominis muscle, which are connected by the linea alba, 
elongate and curve round as the abdominal wall expands to 
make room for the growing fetus [1, 2]. Diastasis of the rec-
tus abdominis (DRA) occurs as a result of hormonal changes 
leading to elastic changes in the connective tissue, mechani-
cal stresses on the abdominal wall from the growing fetus, 
and displacement of the abdominal organs [3, 4]. In most 

pregnant women, the inter-recti distance (IRD) increases 
due to stretching and thinning of the linea alba [5, 6]. This 
is a natural process and happens to some degree in most 
pregnancies. However, in some cases, the abdominal muscle 
changes may become excessive and persist after delivery [7]. 
DRA is defined as an excessive separation (i.e., increased 
IRD) between the bellies of the recti abdominis muscles. 
DRA can occur anywhere along the linea alba, from the 
xiphoid process to the public bone, and is quantified by the 
inter-recti distance [8, 9].

Studies have shown that IRD increases around the 14th 
week of gestation and continues to increase until delivery. 
Clinically significant DRA usually occurs early in the last 
trimester of pregnancy and its peak incidence is immedi-
ately after and in the first weeks following childbirth. The 
prevalence of DRA ranges from 32 to 95% in late pregnancy 
and 30–68% in the postpartum period [7]. After childbirth, 
the changes in the abdominal musculature, especially in the 
linea alba and rectus abdominis sheath, usually return to nor-
mal and have no significant impact on health [10]. Recovery 
is most marked between 1 day and 8 weeks after delivery, 
followed by a plateau phase, and if no interventions are per-
formed, IRD may remain elevated throughout life [11].
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The abdominal wall plays an important role in posture 
and postural control, trunk and pelvic stability, respiration, 
trunk movement, and support of the abdominal viscera [1]. 
Persistent DRA can potentially lead to a range of symptoms 
and dysfunctions [10, 12]. These can manifest as altered 
trunk mechanics, impaired pelvic stability, and altered pos-
ture, which can make the lumbar spine and pelvis more 
susceptible to injury. Previous research has also found that 
DRA is related to low back pain [13], possibly due to asso-
ciated decrements in trunk muscle strength, lumbopelvic 
instability, and pelvic floor weakness [14, 15]. A variety 
of factors have been shown to increase the risk of DRA, 
including multiparity, maternal age, body mass index before 
pregnancy, and at 6 months postpartum, weight gain during 
pregnancy, Beighton’s hypermobility score, baby weight at 
birth, abdominal circumference at gestational week 35, exer-
cise training level before, during and after pregnancy, and 
type of delivery [16].

Women with DRA are usually referred to physical 
therapists for conservative treatment [17]. However, little 
is known about the optimal training methods for treating 
DRA. A 2014 review acknowledged that prenatal exercise 
can reduce the incidence of DRA by 35% [18]. Anecdotally, 
regular exercise before pregnancy and during the prenatal 
period appears to decrease the risk of developing DRA 
and reduce IRD [18, 19]. Abdominal exercises targeting 
the trunk flexors are commonly prescribed for women with 
postpartum DRA. Other regularly used nonsurgical interven-
tions include postural and back training, external support, 
and aerobic exercise [20–22]. However, it remains unclear 
which types of nonsurgical interventions are most effective 
in preventing and/or reducing DRA. Therefore, the aim of 
this review was to determine which conservative treatment 
approaches may be most effective in reducing IRD in post-
partum women.

Methods

Inclusion Criteria

Study inclusion criteria were structured according to PICOS 
tool [23]:

• Population (P): postpartum females
• Intervention (I): exercise or other non-pharmacological 

interventions intended for treating DRA
• Comparisons (C): control groups, receiving no interven-

tion or placebo intervention; or comparisons of two dif-
ferent interventions

• Outcomes (O): Inter-rectus distance
• Study design (S): randomized controlled trials and non-

randomized clinical trials

Search Strategy

PubMed and Scopus databases were searched in January 
2022 without regard to the date of publication. We used the 
following combination of search key words: (diastasis recti 
OR stress urinary incontinence OR abdominal separation 
OR urinary incontinence) AND (exercise OR therapy OR 
intervention) AND (pregnancy OR pregnant OR postpartum) 
AND (months OR weeks OR follow-up). Additionally, refer-
ence lists of several review articles describing interventions 
for older adults were carefully scrutinized. Finally, we per-
formed a backward and forward citation search; specifically, 
we reviewed reference lists of all articles that were already 
retrieved through the database, and we also reviewed all 
papers that have cited them, using the Google Scholar plat-
form. Potentially relevant articles were screened in full text, 
followed by additional screening for their eligibility by the 
additional reviewers.

Data Extraction

The extracted data included (a) baseline and post-interven-
tion means and standard deviations for IRD; (b) baseline 
demographics of participants (gender, age, body height, 
body mass, body mass index); (c) intervention characteris-
tics, such as duration of the intervention, number of sessions 
per week, volume (number of exercises, sets, and repeti-
tions), breaks between exercises and sets, supervision, and 
progression of exercise difficulty); (d) IRD measurement 
characteristics (method, inclusion of contraction, meas-
urement location, number of trials). Regarding the latter, 
previous studies have differed in regard to IRD measure-
ment method (ultrasound, caliper, manual measurements), 
location (4.5 cm above and below the umbilicus being the 
most common) and inclusion of contraction (either measur-
ing IRD during abdominal contraction or in relaxed con-
dition). Data were carefully entered into Microsoft Excel 
2016 (Microsoft, Redmond, WA, USA). If the data were 
presented in a graphical rather than tabular form, we used 
Adobe Illustrator Software (version CS5, Adobe Inc., San 
Jose, CA, USA) to accurately determine the means and 
standard deviations. In case of missing data, the correspond-
ing author of the respective articles was contacted by e-mail. 
If no response was received after 21 days, the author was 
contacted again. If the author did not reply to the second 
inquiry, the data was considered irretrievable.

Data Analysis and Synthesis

The main data analyses were carried out in Review Manager 
(Version 5.3, Copenhagen: The Nordic Cochrane Centre, 
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The Cochrane Collaboration, 2014, London, UK). Before the 
results were entered into the meta-analytical model, the pre-
post differences and pooled standard deviations were calcu-
lated according to the following formula SD = √[(SDpre2 
+ SDpost2) − (2 × r × SDpre × SDpost). The correction value 
(r), which represents the pre-test–post-test correlation of 
outcome measures, was conservatively set at 0.75. It should 
be noted that a change in the correction value in the range 
between 0.5 and 0.9 had little effect on the pooled SD and 
would not change the outcomes of the meta-analyses. For 
the meta-analyses, the inverse variance method for continu-
ous outcomes with a random-effects model was used. The 
effect sizes were expressed as standardized mean difference 
(SMD). The respective 95% confidence intervals were also 
calculated and reported. Even when only one study was con-
sidered, we calculated the SMD to enable the comparison of 
effect sizes across studies. We conducted separate analyses 
depending on the location of measurement and contraction 
(i.e., measurement with and without muscle contraction), 
but not the measurement method. Statistical heterogeneity 
among studies was determined by calculating the I2 statis-
tics. According to Cochrane guidelines, the I2 statistics of 
0% to 40% might not be important, 30% to 60% may rep-
resent moderate heterogeneity, 50% to 90% may represent 
substantial heterogeneity, and 75% to 100% indicates con-
siderable heterogeneity [24]. The threshold for statistical 
significance was set at p ≤ 0.05 for the main effect size and 
the subgroup difference tests.

Results

In total, 975 records from the PubMed database and 423 
from the Scopus database were retrieved (total n = 1398). 
After the removal of the duplicates, 1112 records remained 
for screening. Based on the examination of the titles, 215 
papers were left for the examination of the abstract, after 
which 22 papers were chosen for full-text evaluation. After 
reading the full texts, 13 papers were included in the sys-
tematic review. One additional paper was identified in the 
reference list of previous papers, for a total of 14 papers 
reviewed. The procedure is shown in Fig. 1 in detail. The 
overview of the included studies is provided in Table 1.

The Effect of Exercise on IRD At Rest

Only two studies with exercise-based interventions and con-
trol groups (58 participants in total) assessed IRD above the 
umbilicus (4.5 cm in both) at rest [25, 26]. The pooled SMD 
was 2.39, but was not statistically significant (CI: − 0.67, 
5.42; p = 0.13; I2 = 92%). However, one of the studies [26] 
was done on 8 participants only, which included women at 
6–24 months postpartum. The other study (n = 25 per group; 

3–6 months postpartum) showed a large effect of plank exercise 
(SMD = 3.91, CI = 2.93–4.88, p < 0.011). The same two stud-
ies also assessed IRD 4.5 cm below the umbilicus at rest. The 
pooled effect was again not statistically significant (SMD = 1.27; 
CI: − 1.34 to 3.88; p = 0.340; I2 = 91%). Again, the first study 
[25] showed a significant reduction in IRD in the plank exercise 
group (SMD = 2.54, CI: 1.78–3.30, p < 0.001).

Effect of Exercise on IRD During Contraction

Three studies (98 participants in total) assessed IRD above 
the umbilicus during voluntary contraction [25–27]. The 
meta-analysis indicated large reductions of IRD in the 
experimental groups (SMD = 2.85; CI: 0.74–4.97; p = 0.008; 
I2 = 90%). The removal of the small study with 8 participants 
only [26] resulted in even larger and more consistent effect 
(SMD = 3.89; CI = 1.92–5.86; p < 0.001; I2 = 85%). Two 
studies [25, 26] also assessed IRD below the umbilicus dur-
ing rectus abdominis contraction, and showed a completely 
opposite effects (SMD = 2.31 and − 1.16, respectively), mak-
ing the pooled effect small and non-significant (SMD = 0.65; 
CI: -2.74 to 4.14). The former study [25] with a larger sam-
ple size showed a very large beneficial effect of exercise 
(SMD = 2.31; CI: 1.58–3.03; p < 0.001).

One study [28] without a control group investigated the 
effect of hypopressive exercise on IRD in 12 women at 2 or 
more months postpartum. The authors reported statistically 
significant reductions in IRD (p < 0.05). Assuming a null 
effect in a potential control group, the effect would trans-
late into large SMD (3.22; CI: 1.94–4.50). An additional 
study (including 15 postpartum women) with exercise-based 
intervention (abdominal exercise) and no control group was 
conducted [29]. Assuming a null effect in a potential con-
trol group, the effect would translate into large SMD for 
the measurement above (2.04; CI: 1.02–3.05) and below the 
umbilicus (2.09; CI: 1.06–3.12) during contraction.

One study did not measure the exact IRD, but reported 
only the prevalence of DRA [30]. The participants (n = 157; 
women 6 weeks postpartum) were randomized in experi-
mental and control group. The participants in the experimen-
tal group received supervised pelvic floor exercises and were 
encouraged to also perform the program at home, while the 
control group only received 1 session with exercise instruc-
tions. The prevalence of DRA was reduced similarly in both 
groups (from 54–55 to 30–41%), indicating no differences 
between the groups.

Effect of Exercise Interventions with Undefined/
Unclear IRD Measurement

Two studies [31, 32] assessed the effect of exercise inter-
ventions (56 participants in total, women 0–3 weeks post-
partum), but did not specify the details regarding their IRD 
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assessments. The pooled effect was not statistically signifi-
cant (SMD = 0.94; CI: − 1.64, 3.94; p = 0.5), as the studies 
showed the opposite effect. In the first study [31], exer-
cise induced reductions in IRD statistically significantly 
larger than in the passive control group (SMD = 2.32; 
CI: 1.50–3.15; p < 0.001), however, there was no differ-
ence between exercise and control groups in the second 
study [32] (SMD =  − 0.47; − 1.47 to 0.53; p = 0.360). In 
addition, abdominal crunch exercise was very effective 
to improve IRD in postpartum women (SMD = 4.47; CI: 
3.26–5.57) in another study [33], who used caliper meas-
urements, but did not specify if the IRD was assessed at 
rest or during contraction.

Other Interventions

One study [34] investigated the immediate effect of kinesio-
taping on IRD in 12 women 6–12 weeks postpartum. The 

IRD reduction was statistically significant for the measure-
ment above the umbilicus (SMD = 1.12; CI = 0.25–2.00; 
p = 0.01), but not for the measurement below the umbilicus 
(SMD = 0.62; CI =  − 0.20–1.45; p = 0.140).

One study compared neuromuscular electrical stimulation 
and abdominal exercise, to abdominal exercise alone, with 30 
participants (women at least 2 months postpartum) per group 
[35]. The parameters for electrical stimulation were: a fre-
quency 80 pulses/min, with pulse width 0.1–0.5 ms, and as 
on:off ratio of 5 s:10 s for the total stimulation time of 30 min. 
The analysis showed that the combination of neuromuscular 
electrical stimulation and abdominal exercise decreased IRD 
statistically significantly more than exercise alone (SMD = 2.88; 
CI: 2.14–3.61; p < 0.001). Another study assessed the effect of 
electrical stimulation followed by exercise in comparison to no 
intervention [36]. The IRD decreased in the intervention group 
only (from 3.1 ± 0.7 cm to 2.4 ± 0.7 above the umbilicus, and 
2.0 ± 0.6 cm to 1.7 ± 0.6 cm below the umbilicus) [36].

Fig. 1  PRISMA flowchart of 
article retrieval
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Two studies (46 participants in total; 0–3 weeks post-
partum) compared wearing abdominal belt or abdomi-
nal binding with exercise-based interventions [32, 37]. 
The first study strongly favored the exercise interventions 
(SMD = 2.51; CI: 1.52–3.50; p < 0.001), while there were 
no statistically significant differences between groups in the 
second study (SMD =  − 0.41; CI: − 1.49 to 0.51; p = 0.340), 
although the direction of the effect favored the use of abdom-
inal binding. The pooled effect was not statistically signifi-
cant (SMD = 1.01; CI: − 1.93 to 3.95; p = 0.501; I2 = 94%). In 
the latter study, the effect of combined exercise and abdomi-
nal binding was not superior to abdominal binding alone 
(SMD = 0.12; p = 0.822).

One study compared the effectiveness of online (e-plat-
form based) and offline core stabilization exercise proto-
cols for reducing IRD. During the 6 weeks of intervention, 
the two groups performed the program twice for 40 min. 
For the online group, the exercise sessions were conducted 
through Zoom. In both groups, it was recommended that 
the exercise programs are implemented as often as possible. 
The IRD decreased from 1.99 ± 0.26 cm to 1.37 ± 0.40 cm 
(p < 0.001) in the online group and from 1.92 ± 0.30 cm to 
1.18 ± 0.30 cm in the offline group (p < 0.001), with no dif-
ferences observed between the groups (p > 0.05) [38].

Discussion

The aim of this review was to determine the scope of exist-
ing interventions for DRA in postpartum women and to 
compare their effectiveness in reducing IRD. The literature 
indicates that DRA is very common in pregnant and postpar-
tum women. Yet, there are no clear and effective exercise-
based approaches that can be recommended to women with 
DRA. With this in mind, we decided to conduct a review of 
previously studied interventions. We found only a handful 
of intervention studies, with different approaches and dif-
ferent measurement methods, making it difficult to compare 
results. Data from the studies included in this paper suggest 
that abdominal exercise plays a central role in reducing IRD 
and associated symptoms. Preliminary evidence suggests the 
potential of electrical stimulation as a complementary tool 
in the rehabilitation of IRD. In addition, online-based exer-
cise programs appear to be as effective as on-site programs, 
which is important in light of potential limitations of group 
exercise programs, such as during the COVID -19 pandemic.

The major drawback of the current literature is the dis-
crepancy in IRD measurement methods, as we found studies 
in which DRA was measured at rest or during contraction, 
as well as studies with undefined protocols. Some studies 
lacked control groups [28] and one study reported only the 
prevalence of DRA [30]. In addition to exercise-based inter-
ventions, one study examined the efficacy of kinesiotaping 

[34] and two studies examined the effect of neuromuscular 
electrical stimulation in combination with exercise [35, 36]. 
Two studies compared abdominal binding with exercise-
based intervention [32, 37]. Because these studies had very 
different designs and interventions, quantitative statistical 
analysis within study groups (IRD at rest/IRD during con-
traction/undefined IRD measurement/other interventions) 
was limited.

In the group of studies that examined IRD at rest, no sta-
tistically significant pooled effects were observed for IRD 
either above or below the umbilicus. However, a large reduc-
tion in IRD was achieved in one study that used progres-
sive prone plank exercise [25]. The group of interventions 
in which IRD was measured during voluntary contraction 
showed a large reduction in IRD above the umbilicus but 
not below the umbilicus. Because of these discrepancies, 
the pooled effect was small and not significant. Interven-
tion studies that used other interventions, methods such as 
kinesiotaping, neuromuscular electrical stimulation, and/or 
abdominal exercise and wearing an abdominal belt with/
without exercise found different effects. Kinesiotaping 
showed improvement above the umbilicus but not bellow 
[34], neuromuscular electrical stimulation was effective in 
combination with abdominal exercise [35] and the abdomi-
nal binding showed inconsistent effects when combined with 
exercise [32, 37].

Regardless of whether IRD was measured at rest or 
during contraction, the studies showed a decrease in IRD 
in several intervention groups. Therapeutic exercises are 
designed to activate both fast twitch and slow twitch fib-
ers of the skeletal muscles, and they affect the metabolic 
demand needed to produce a given muscle force, which 
leads to increase in muscular power and endurance [39]. 
Recently, it has been shown that individuals with increased 
IRD have lower muscle stiffness in the rectus abdominis and 
transversus abdominis muscles, which is another indication 
of the importance of strengthening the abdominal muscles 
[40]. Some authors suggested that an increased mind-muscle 
connection (i.e., meaningful muscle activation) may contrib-
ute to the observed improvement [26]. Studies indicated the 
importance of activating the transversus abdominis muscle, 
as it brings together the bellies of the rectus abdominus mus-
cle, improves the integrity of the linea alba, and increases 
fascial tension, thereby reducing DRA [41]. Interestingly, 
several studies showed that the changes in IRD were not 
uniform along the linea alba. The improvements limited to a 
specific region along the linea alba demonstrate the potential 
for rehabilitation, but also require further research to opti-
mize exercise interventions.

Ideally, carefully designed rehabilitation exercises have 
the potential to positively impact DRA and related outcomes 
in the postpartum period, but this area appears to be under-
researched. The studies we included in this meta-analysis 
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also had a number of shortcomings that make conclusions 
difficult. This may be due, in part, to the different methods 
used to measure IRD. The studies we examined used differ-
ent points along the linea alba for IRD measurement. Cau-
tion should be used when interpreting results measured at 
different points, because IRD magnitudes can vary consid-
erably. A recent systematic review showed that the average 
IRD distance of the nullipara was 8.77 mm, the distance in 
the epigastric region was 7.22 mm, and that in the infraum-
bilical region was 4.09 mm [42]. Although IRD measure-
ments are generally reliable and valid [43], the methods 
used to assess IRD were different in the various studies and 
were performed either at rest or during contraction (or non-
specifically), which may have affected the validity of our 
comparisons. Some, but not all, of these variables could be 
accounted for in the meta-analytic models. Some research 
also suggests that measuring the integrity (i.e., depth) of the 
linea alba in conjunction with IRD may be a more compre-
hensive approach to determining the severity of pregnancy-
related DRA [44]. In recent years, ultrasonography-based 
measurements are gaining recognition as a reliable tool for 
measuring IRD [45]. Small and very different sample sizes 
in the studies is one of the major limitations despite good 
study designs. In addition, the comparison between the stud-
ies is confounded by the natural recovery, which is particu-
larly evident in early postpartum period [7].

Conclusions

Given the prevalence of DRA, more research is needed on 
potential effective interventions. From existing publications, 
abdominal exercises are at the forefront of effective proto-
cols to reduce IRD. Future interventions should consider the 
use of more uniform IRD measurement devices, preferably 
using ultrasound or calipers, which are more reliable than 
manual methods. Because of the impact that DRA can have 
on postpartum women’s quality of life, strategies to assess 
the severity of DRA and the integrity of the linea alba should 
be incorporated into postpartum health care. This would 
allow timely determination of whether DRA is present so 
that women can receive appropriate referral/treatment.
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